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SUMMARY 


A low— speed investigation of the longitudinal aerodynamic charac- 
teristics of a 47.7° sweptback wing was conducted in the Langley 19— foot 
pressure tunnel in order to provide large-scale data on relatively high- 
aspect— ratio sweptback wings . The wing featured interchangeable wing 
tips which provided aspect ratios of 5*1 a* 1 *! 6.0 with corresponding 
taper ratios of O .383 and 0.313* NACA 6k— 210 airfoil sections were 
employed normal to the 0.286 chord line. The data were obtained through 

a range of Eeynolds numbers varying from approximately 1.1 X 10^ 
to 10.0 x 10^ and Mach numbers of 0.06 to 0.25. 

The maximum lift coefficient increased slightly as the Eeynolds 

number was increased from 2.0 x 10^ to 8.0 X 10^, where maximum values 
of 1.19 and 1.20 were obtained for the aspect ratio 5*1 and 6.0 wings, 

respectively. Increasing the Eeynolds number to 10.0 X 10^ caused a 
decrease in maximum lift which was attributed to compressibility effects 
The aerodynamic centers of both wings remained at an essentially con- 
stant position up to moderate lift coefficients. Leading-edge separa- 
tion near the tips then caused an abrupt unstable moment break. The 
lift coefficient at which the abrupt pitching-moment break occurred 

6 6 

increased between Eeynolds numbers of about 2.0 X 10° and 4.5 X 10°, 
and maximum values of approximately 0.86 and 0.82 were obtained for the 
aspect ratio 5.1 and 6.0 wings, respectively. Although a vortex type of 
flow was shown to exist at all test values of the Eeynolds number, a 
stabilizing effect of the vortex flow was evident only at the lowest 
test Eeynolds number. The maximum lift— drag ratios were obtained at a 
lift coefficient of about 0.25 and were approximately 25.6 and 27.8 
for the aspect ratio 5*1 and 6.0 wings, respectively. 
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INTRODUCTION 


An investigation is being conducted on a V 7 . 7 0 sweptback wing with 
aspect ratios 5*1 and 6.0 to provide low— speed large-scale data on 
relatively high— aspect— ratio sweptback wings . In order to indicate the 
effect of a small change in aspect ratio on the stability characteristics, 
the aspect ratio 6.0 wing was reduced to an aspect ratio of 5»1 by means 
of interchangeable wing tips. 

The present paper contains the longitudinal aerodynamic character- 
istics and the lift— drag ratios obtained on the plain wings. The data 

were obtained through a Reynolds number range from about 1.1 x 10^ 
to 10.0 x 10 6 . 


SYMBOLS 

C L lift coefficient (Lift/qS) 

^(inflection) coefficient at which abrupt pitching-moment 

change is observed 

C T maximum lift coefficient 

•Tiiax 


CD 

Cm 

1 

S 

Y 

P 

c" 

A 

b 


drag coefficient (Drag/qS) 

pitching-moment coefficient referred to 0 . 25 c 
(Pitching moment /qSc) 

dynamic pressure (pY^/2) 

wing area 

velocity 

mass density of air 
mean aerodynamic chord 
aspect ratio (b^/S) 
wing span 
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M 


E 


Eeynolds nuniber (pTc/p.) 
Mach number (V /a) 
coefficient of viscosity 


a 


speed of sound 


L/D 


lift— drag ratio 


a 


angle of attack 


MODEL 


The wing had a leading-edge sweep angle of 47 . 7° and interchange- 
able wing tips which gave aspect ratios of 5*1 and 6.0. The aspect 
ratio 5*1 and 6.0 wings had corresponding taper ratios of O .383 
and 0. 313.> respectively. Uniform twist about the 0.286 chord line pro- 
duced 1 . 32 ° and 1 . 72 ° of washout for the aspect ratio 5*1 and 6.0 wings, 
respectively. In both cases the dihedral angle was zero. The geometry 
and dimensions of the two wing plan forms are presented in figure 1 . 
Standard roughness, as described in reference 1, was applied along the 
entire span of the aspect ratio 5-1 wing for the roughness tests. The 
model mounted in the Langley 19— foot pressure tunnel is shown in 
figure 2 . 


The majority of tests were made at a tunnel pressure of 33 pounds 
per square inch. A few runs were made at atmospheric pressure for the 
two wing configurations for the purpose of obtaining data at a lower 
Beynolds number. The lift, drag, and pitching moment were measured 
through an angle— of-«rttack range from - 2 ° through the maximum lift. 

The variation of the test Mach number with Eeynolds number is shown in 
figure 3 . 

The effect of leading-edge roughness on the aerodynamic character- 
istics was investigated for the aspect ratio 5*1 ving at Eeynolds 

numbers of 3-0 X 10^ and 6.0 x 10^. Visual observations of the flow 
patterns were made by means of tufts attached to the upper surface 
of the wing. The tuft studies were made at Eeynolds numbers of 

about 2.0 X 10^ (aspect ratio 5-l) and. approximately 6.0 X 10^ (aspect 
ratios 5*1 a 111 ! 6 . 0 ). 


TESTS 
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CORRECTIONS TO DATA 


The lift, drag, and pitching-moment coefficients have been cor- 
rected for support strut interference and air-stream misalinement 
effects . 

The jet— boundary corrections to the angle of attack and drag coef- 
ficient were based on the method of reference 2 and are as follows: 



A = 5.1 

A = 6.0 

Aa 

0.905C L 

0 . 98 oc l 

ac d 

.0139C l 2 

.0152C l 2 


Corrections to the pitching moment due to tunnel— induced distortion 
of the span loading were made as follows: 



A = 5.1 

A = 6.0 

ACm 

o.oo4c l 

o.oo8c l 


Corrections were also made for wake blockage effects. All correc- 
tions were added to the data. 


RESULTS AND DISCUSSION 
Pitching-Moment Characteristics 


From the analysis presented in reference 3, a wing of k'J. 7° sweep- 
back and an aspect ratio of either 5-1 or 6.0 may be expected to exhibit 
instability in the high— lift-coefficient range. Figures 4 and 5 show 
that the expected instability occurred for both the aspect ratio 5»1 
and 6.0 wings at moderate lift coefficients. 

The abrupt unstable moment break can be attributed to separation 
near the tips. Figure 6 indicates the presence of spanwise cross flow 
prior to the initial separation. As the angle of attack was increased, 
the separation spread inboard and the pitching moment remained unstable 
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until a point was reached where the inhoard sections began to lose lift; 
and, as shown by the plots of pitching moment against angle of attack 
(figs, k and 5), the slope of the moment curve became negative, thus 
indicating stability at the maximum lift. Some of the curves of pitching 
moment against angle of attack for the high Beynolds numbers were not 
obtained because the forces exceeded the limits of the balance system. 

From the lift— drag polars of figures 4 and 5, it can be seen that 
a rapid increase in the drag coefficient coincided with the lift coef- 
ficient at which the instability occurred. 

As shown in figures 4 and 5, the pitching-moment curves were 
linear in the range of lift coefficients below the inflection point in 

the range of Eeynolds numbers from 2.0 x 10^ to 10.1 x 10^. The calcu- 
lated location of the aerodynamic center, determined by the method of 
reference k, was in good agreement with the measured values in the low 
lift range. The following table compares the measured and calculated 
locations of the aerodynamic center in percent mean aerodynamic chord: 



Calculated 

Experimental 

A 





E £ 2.0 x 10 6 

E 2 6.0 X 106 

5.1 

30.3 

30.8 

32.5 

6.0 

3^.7 

3^.8 

37.5 


It is interesting to note that the pitching-moment curve obtained 

at a Eeynolds number of about 1.10 x 10^ exhibited an increase in sta- 
bility prior to the unstable break. In references 5 and 6 similar 
moment curves for sweptback wings were obtained, and the increase in 
stability was attributed to the effects of vortex flow on the upper 
surface of the wings. 

A survey of the air flow over the present wing was made at a 

Eeynolds number of about 1.10 x 10^ using a slender probe with a single 
wool tuft. The survey showed that a vortex flow developed at an angle 
of attack which corresponded to the angle of attack at which the increase 
in stability occurred. The vortex appeared to originate at the apex of 
the wing, sweep back at an angle slightly greater than the leading-edge 
sweep angle, and finally turn back into the stream direction near the 
tip. As the angle of attack was increased, the point at which the 
vortex turned back toward the stream direction shifted inboard and the 
portion of the tip outboard of the vortex was observed to be stalled. 


t 
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The pitching-moment curves of figure Mb) do not exhibit the 
increase in stability at Reynolds numbers in excess of 1.10 x 10^. Probe 
surveys made at a Reynolds number of about 3*98 X 10^ revealed that the 
development of the vortex flow was delayed to a much greater angle of 
attack than at the lower Reynolds number. The delay in the development 
of the vortex flow due to increasing Reynolds number was also observed 
in references 5 and 6. It was observed that as the angle of attack was 
increased the tip stalling occurred before the vortex flow became 
evident. The survey also indicated that when the vortex flow developed 
at the higher Reynolds number, it turned into the stream direction at 
a wing station considerably inboard of the tips. 

It should be noted that an inboard location of the vortex flow may 
contribute to the instability in the high angle— of -attack range. 


Lift Characteristics 

Maximum lift coefficients of 1.19 and 1.20 were obtained at a 

Reynolds number of about 8.0 X 10^ for the aspect ratio 5.1 and 6.0 
wings, respectively. Figure 7 shows that the maximum lift coefficients 
increased slightly with increasing Reynolds number in the range of Reynolds 

numbers from about 2.0 x 10^ to 8.0 X 10^. A decrease in C T occurred 

-4nax 

when the Reynolds number was increased to about 10.0 X 10°. The decrease 
in C-r may be attributed to the effects of compressibility such as 
"max 

described in reference 7» 

Figure 7 shows that a large increase in the inflection lift coef- 
ficient occurred when the Reynolds number was increased from 

about 2.0 X 10^ to 4.5 X 10^. The separation near the tips may have 
been delayed to higher angles of attack by a reduction in the spanwise 
cross flow, as indicated in figure 6, in addition to a normal scale effect 
on the angle of stall. 

The lift— curve slopes at low angles of attack were 0.06l and 0.062 
for the aspect ratio 5*1 and 6.0 wings, respectively. Calculated values 
of the lift— curve slope based on the Weis singer method (reference 4) 
were 0.057 and 0.059 for the aspect ratio 5*1 and 6.0 wings, respectively. 


Lift— Drag Ratio 


The variation of the lift— drag ratios with lift coefficient is 
presented in figure 8. The maximum values of L/D were obtained at a 
lift coefficient of about 0.25 and were approximately 25.6 and 27.8 for 
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the aspect ratio 5*1 and 6.0 wings, respectively. The relative increase 
in L/D for the aspect ratio 6 wing became smaller as the lift coeffi- 
cient was increased above 0.25 and became zero at a lift coefficient 
of about 0.8. 


Effects of Roughness 

The effects of leading-edge roughness on the aerodynamic charac- 
teristics of the aspect ratio 5*1 wing are shown in figure 9 . Eoughness 
decreased the maximum lift coefficient about 0.06 at a Reynolds number 

of 6.0 x 10^ and approximately 0.03 at a Reynolds number of 3.0 x 10^. 
The lift— curve slopes were unaffected by roughness. 

Figure 9(h) shows that the roughness caused a considerable reduc- 
tion in the inflection lift coefficient at a Reynolds number of 

about 6.0 x 10 6 but had a negligible effect at a Reynolds number 

of 3*0 x 10^. The effect of the roughness is similar to the effect of 
a low Reynolds number in that the energy of the turbulent boundary 
layer is reduced and separation may occur at a lower angle of attack. 

At a Reynolds number of 6.0 x 10^, the pitching-moment curves were 
linear up to the inflection lift coefficient for both the smooth and 
rough configurations. The aerodynamic center shifted forward about 
2.3 percent mean aerodynamic chord, however, when the roughness was 
added. A forward movement of the aerodynamic center due to roughness 
was also apparent at the lower Reynolds number in that the slope of the 
moment curve gradually decreased. 

From figure 9 it can be seen that the effects of roughness on the 
drag rise correspond with the effects on the unstable moment break. 

The drag rise occurred at a much lower lift coefficient for the rough 

condition at a Reynolds number of 6.0 x 10^ but was little affected at 

a Reynolds number of 3-0 X 10^. 


SUMMARY OF RESULTS 


The results of an investigation of a 47.7° sweptback wing, for 
which aspect ratios of 5*1 and. 6.0 were obtained by means of inter- 
changeable tips, are summarized as follows: 

1. Maximum lift coefficients of 1.19 and 1.20 were obtained for 
the aspect ratio 5«1 and 6.0 wings, respectively. The maximum lift 
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coefficients increased slightly "between Beynolds numbers of 2.0 x 10^ 
and 8.0 x 10 6 and decreased between Eeynolds numbers of 8.0 x 10^ 

and 10.0 X 10 6 . 

2. The aerodynamic centers of both wings remained at an essentially 
constant position up to moderate lift coefficients. Leading-edge 
separation near the tips then caused an abrupt unstable moment break. 

A large increase In the inflection lift coefficient (lift coefficient 
at which abrupt pitching-moment break occurs) occurred between Eeynolds 

numbers of about 2.0 x 10^ and 4.5 x 10^. Maximum values of the inflec- 
tion lift coefficients for the aspect ratio 5*1 and 6.0 wings were 
approximately 0.86 and 0.82, respectively. 

3. A vortex flow was shown to exist on the wing. The vortex flow 
affected the pitching-moment characteristics. at a Eeynolds number of 

about 1.10 X 10^ but its effects were minimized by tip stall at the 
higher Eeynolds numbers. 

4. The maximum lift— drag ratios were obtained at a lift coefficient 
of about 0.25 and were approximately 25.6 and 27.8 for the aspect 
ratio 5*1 and 6.0 wings, respectively. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Ya. 
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A =5.1 

A -6.0 

Area 

30.35 sq ft 

32.18 sq ft 

Taper 

ratio 

0.363 

0.3/3 

a) 

1 

t.32° 

/. 72° 



(b) A = 6.0 


Figure 1.- Geometry of the 47.7° sweptback wings with aspect ratios 

of 5*1 and 6.0. 
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Figure 2.- The 47-7° sweptback wing of aspect ratio 5-1 mounted in the 

Langley 19-foot pressure tunnel. 




Figure 3-- Variation of Mach number with Reynolds number for the 

ratios of 5.1 and 6.0. 
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(a) Cl plotted against a. 


Figure 4.- Effects of Reynolds number on 


the aerodynamic characteristics of a 47-7° sweptback wing of 
aspect ratio 5 • 1 • 


NACA RM L50A04 


* • 


* « 



o 0 0 o 0 0 -04 -08 

O- -o- -A- -t*- -a- 

c m 

(b) Cl and a plotted against C m . 




Figure 4.- Continued. 
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Cp plotted, against Cp. 
Figure 4.- Concluded. 
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(a) plotted against a. 

Figure 5.- Effects of Reynolds number on the aerodynamic characteristics of a 47.7° sweptback wing of 

aspect ratio 6.0. 
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(b) C L and a plotted against C m . 
Figure 5»- Continued. 
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(c) Cl plotted against Cp. 
Figure 5.- Concluded. 
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Figure 6.- Stalling characteristics of the V 7 . 7 0 swepthack wings with 

aspect ratios of 5*1 and 6.0. 
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Figure 7 .- Variation of the maximum lift coefficient and the inflection 
lift coefficient with Reynolds number for two 47.7° sweptback wings 
of aspect ratios 5-1 and 6.0. 
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Figure 8.- Lift-drag ratios of two Vf-7° sweptback wings of aspect 
ratios 5*1 and 6.0 at Reynolds numbers of 6,000,000 and 5*820,000, 
respectively. 
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(a) plotted against a. 

Figure 9-- Effects of leading-edge roughness on the aerodynamic characteristics of a 47.7° sweptback 

wing of aspect ratio 5*1- 
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(b) Cl plotted against C m . 
Figure 9»- Continued. 
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Figure 9 .- Concluded. 
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